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57 ABSTRACT 

An imaging arrangement has a first lens array with a focal 
surface and a tapered optical fiberbundle arranged with one 
end face coincident with the focal surface of the lens array. 
Another end of the bundle is coincident an optical device. 
The optical device may be a second lens array, an image 
capture device, a photographic plate, or an electronic image 
capture device such as a CCD array. The fiber bundle may 
comprise a single graded index fiber connecting the first and 
second lens arrays. An integral transmission screen may be 
provided to project a spatially inverted integral image onto 
the first lens array. 

11 Claims, 1 Drawing Sheet 
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IMAGING ARRANGEMENTS 

FIELD OF THE INVENTION 

This invention relates to imaging arrangements and espe 
cially to integral imaging arrangements. 

BACKGROUND INFORMATION 

The manipulation of integral images is not straightfor 
ward and magnification (or reduction) without distortion can 
be problematical. 
The present invention provides novel imaging arrange 

ments which can be used to produce magnified (or reduced) 
integral images without distortion and which may provide 
for image capture. 

SUMMARY OF INVENTION 

The invention comprises an imaging arrangement com 
prising a lens array having a focal surface and an optical 
fibre bundle arranged with one end face coincident with the 
said focal surface. 

The focal surface will usually comprise a focal plane. 
The fibre bundle may have a second end face, and a 

second lens array comprising a second focal surface coin 
cident with said second end face. Said second focal surface 
may comprise a second focal plane. 
The fibre bundle may be coherent and connect the focal 

surfaces of corresponding lenses in the first and second lens 
arrays, and this will usually be the case for the production of 
regular images, though special effects could be produced 
with other arrangements of course. 
The fibre bundle may be tapered for reduction (or 

magnification) of the image, though a constant cross-section 
bundle can be used for the transmission of integral images 
without reduction or magnification, for example where it is 
simply desired to produce an image without reduction or 
magnification at a location remote from an inaccessible 
object. 

In one arrangement, multiple fibres of the bundle connect 
the focal surfaces of corresponding lenses of first and second 
lens arrays. In another arrangement, a single graded index 
fibre connects the focal surfaces of corresponding lenses in 
the first and second arrays, in which case the fibre bundle 
must be drawn down to the required cross section if reduc 
tion (or magnification) is required and must be of a particular 
length (dependent on the way the index is graded) to keep 
the image on the end face. 

Instead of being connected to a second lens array, the 
second end of the fibre bundle may be adapted to be 
contacted by an image capture device, which may be pho 
tographic plate or an electronic image capture device such as 
a high resolution CCD array. Such an arrangement may 
comprise an integral transmission screen arranged to project 
a spatially inverted integral image on to the said lens array. 
If the captured image (after development and printing in the 
case of the photographic plate or electronic display in the 
case of the CCD-captured image) is overlaid by a lens array 
of appropriate dimension, an orthoscopic, three-dimensional 
integral image (without lens distortion) will be seen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of imaging arrangements according to the 
invention will now be described with reference to the 
accompanying drawings, in which: 

FIG. 1 is a cross-section through a first arrangement; 
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FIG. 2 is a cross-section through a second 
arrangement; and 
FIG. 3 is a cross-section through a third arrangement. 

DETALED DESCRIPTION 

The drawings illustrate imaging arrangements comprising 
lens arrays 11 having a focal surface 12 and an optical fibre 
bundle 13 arranged with one end 14 coincident with the said 
focal surface 12. 

In each case, the focal surface 12 comprises a focal plane, 
though it is conceivable that the lens array could be gener 
ally curved either uniaxially or biaxially so that the focal 
surface 12 could be cylindrical or spherical for example. 
The lens arrays 11 are two-dimensional so-called micro 

lens arrays in which each lens is of millimetre dimensions. 
Each lens forms a complete image of the object, all from 
slightly different points of view, and the array thus captures 
sufficient parallax information to be able to produce an 
integral, three-dimensional image of the object. 

In the embodiments of FIGS. 1 and 2, the fibre bundle 13 
has a second end face 15 and a second lens array 16 
comprises a second focal surface 17 coincident with said 
second end face 15. Said second focal surface 17 comprises 
a second focal plane, but, as before, the surface 17 may be 
other than planar. The use of non-planar surfaces for the 
focal surfaces 12.17 may give special imaging effects. 
The fibre bundle 13 is coherent and connects the focal 

surfaces. 12.17 of corresponding lenses in the first and 
second arrays 11,16. The fibre bundles 13 in each embodi 
ment are shown in the drawings as being tapered, and this 
will result in reduction of the size of image I as compared to 
object O. The arrangement works in reverse, of course (in 
the embodiments of FIGS. 1 and 2) and would then produce 
a magnified image. If the lens arrays 11.16 were of identical 
size, so that the fibre bundle 13 was not tapered, then there 
would be no magnification or reduction. 
Any reduction or magnification is constant throughout the 

whole of the image, provided, of course, that the pitch and 
dimensions of the microlens arrays 11.16 are matched by the 
tapering of the fibre bundle 13. If the array area is reduced 
by a factor, say, of 4 and the microlens areas are also reduced 
by the same factor, an object at 4 m distance will be imaged 
at 1 m and an object at 2 m imaged at 0.5 m; this applies 
equally to lateral magnification. 

In the embodiment of FIG. 1, each microlens in array 11 
is connected to its counterpart in array 16 by a coherent 
bundle of fibres which covers the total area of the sub-lens 
focal surface 12,17, the fibres being disposed correspond 
ingly on the two focal surfaces. The fibre bundle is drawn 
down to reduce its cross-section. 

In the embodiment of FIG. 2, a single fibre connects 
corresponding microlenses in the two arrays 11,16 which is 
a tapered, graded index fibre. In this case, the length of the 
fibre must be correlated with the taper and grading to 
produce the image on the end face 15. 

FIG. 3 illustrates an imaging arrangement in which the 
second end face 15 of the fibre bundle 13 is adapted to be 
contacted by an image capture device 18 such as a photo 
graphic plate or film or a high-resolution CCD array. A 
photographic or video camera can be constructed by the 
addition of appropriate shutter or other arrangements. An 
integral transmission screen 19 placed in front of the array 
11 projects a spatially inverted integral image on to the array 
11. If a CCD array is used, the resolution should be such that 
there is a sub-array of pixel imaging devices under the fibre 
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or fibre bundle from each lens of the array 11 so that the 
microimage thereby produced can be resolved. The same 
consideration applies, of course, to the grain of a photo 
graphic plate or film. 
When the captured image is recreated, as by developing 

and printing the photographic plate or film or by displaying 
the CCD-array information on a monitor, an orthoscopic, 
three-dimensional image can be seen by overlaying the print 
or monitor screen by a microlens array of appropriate area 
and pitch. 
We claim: 
1. An imaging arrangement comprising: 
a first lens array having a focal surface; 
a tapered optical fibre bundle arranged with one end face 

coincident with the focal surface of the lens array and 
another end of the tapered fibre bundle coincident an 
optical device. 

2. An imaging arrangement according to claim.1, in which 
the focal surface comprises a focal plane. 

3. An imaging arrangement according to claim 1, in which 
the tapered fibre bundle has a second end face, and the 
optical device is a second lens array that comprises a second 
focal surface coincident with said second end face. 

4. An imaging arrangement according to claim3, in which 
said second focal surface comprises a second focal plane. 

10 

15 

20 

4 
5. An imaging arrangement according to claim3, in which 

the fibre bundle is coherent and connects the focal Surfaces 
of corresponding lenses in the first and second lens arrays. 

6. An imaging arrangement according to claim3, in which 
multiple fibres of the bundle connect the focal surfaces of 
corresponding lenses of first and second lens arrays. 

7. Animaging arrangement according to claim3, in which 
a single graded index fibre connects the focal surfaces of 
corresponding lenses in the first and Second arrays. 

8. An imaging arrangement according to claim 1, in which 
the fibre bundle has a second end face adapted to be 
contacted by an image capture device. 

9. Animaging arrangement according to claim8, in which 
said image capture device comprises a photographic plate. 

10. An imaging arrangement according to claim 8, in 
which said image capture device comprises an electronic 
image capture device such as a high resolution CCD array. 

11. An imaging arrangement according to any one of 
claims 8 to 10, comprising an integral transmission screen 
arranged to project a spatially inverted integral image on to 
the said first lens array. 
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